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e|=yxvwtv |m}t=v}O Q=DiQ QO |oOQwNCUO QF=

O}OWD uwDU |=yV}=tR; QO |}xU=t
�OWQ= |U=vWQ� |wHWv=O� |OtL= x}tU

OR} x=oWv=O 'u=Qta |UOvyt |xOmWv=O
�Q=}Wv=O� �|}=Q; |}=k; =]a

CN=UQ} R w l}vmDw�S VN@ '|R=UQyW w umUt 'x=Q C=k}kLD RmQt
�Q=}Wv=O� O=yvQyt O}tL

OR} x=oWv=O 'u=Qta |UOvyt |xOmWv=O
�Q=}O=DU=� u=}JQ=]a O}y=v

�Q=}O=DU=� |v=tLQ GQ}=
�T=vWQ� � CtqU O}aU Q}t=

�u=OQ� � |vUL u}UL
CN=UQ} R w l}vmDw�S VN@ '|R=UQyW w umUt 'x=Q C=k}kLD RmQt

Q}O=kt u}@ Cw=iD p}qO R= |m} "OvDUy |m}t=v}O |=yQDt=Q=B u} QDsyt R= |}=Q}t w |DNU
� CUO '|}=QLY Q}O=kt =@ |y=oW}=tR; |=yV}=tR; R= pY=L |m}t=v}O |=yQDt=Q=B
Kr=Yt |wQ O}OWD uwDU V}=tR; s=Hv= =@ 'Q[=L VywSB QO "CU=yxvwtv |oOQwN

VvD QF= "CU= xOW |UQQ@ l =N |m}t=v}O Q=DiQ 'xOQwNCUO w xOQwNvCUO |m =N
xOW |UQQ@ |m}t=v}O |=yQDt=Q=B C=Q}}eD OvwQ QO VvD |v=Uty=v w C@ w]Q 'xOvvmOwOLt
=t= 'OW Oy=wN |DNU Vy=m ?@U |oOQwNCUO xm OvO=O u=Wv =y|UQQ@ G}=Dv "CU=
x@ |}=Q}t w |DNU Q}O=kt 'xOvvmOwOLt VvD V}=Ri= =@ "CW=O Oy=wNv |}=Q}t QO |Q}F-=D

QO 'CW=O Oy=wN p=@vO x@ =Q |DNU Vy=m 'C@ w]Q "Ci=} Oy=wN Vy=m w V}=Ri= ?}DQD
p=@vO x@ =Q |DNU V}=Ri= R}v VvD |v=Uty=v "OQ=Po|tv |Q}F-=D |}=Q}t Q=Okt QO xm |r=L
C@Uv Q}O=kt 'V=aDQ= |xvt=O p=wR VwQ x@ C@Uv u=wD ZQa hYv VwQ "CW=O Oy=wN
u=QoVywSB Qo}O |O=yvW}B |=ypOt =@ Q[=L VywSB G}=Dv "Ovm|t x�=Q= =Q |QDW}@ |}=Q}t

"CU= xOW xU}=kt R}v
somayehmha@gmail.com
aghaeiaraei@bhrc.ac.ir
hmehrnahad@yazd.ac.ir
n.attarchian@bhrc.ac.ir
i.rahmani@bhrc.ac.ir
salamat@bhrc.ac.ir
hosseinhassani78@bhrc.ac.ir

'xOQwNvCUO |xvwtv 'O}OWD uwDU '|}=Q}t C@Uv '|WQ@ pwOt %|O}rm u=oS=w
"xOQwNCUO |xvwtv

xtOkt "1
|xv=OR} Q '|@Uv|r=oJ'xOvvmOwOLtVvD uwJ|rt=wa QF= '|OOaDtu=QoVywSB
Q@ |Q}oxR=Ov= VwQ w VvD |v=Uty=v '|v=m ẁv '|oOW`=@W= |xHQO '|Q}tNQ}e
R= |m} [11�4]"Ov=xOQm |UQQ@ Cw=iDtVvQm Kw]U QO =Q |}=Q}tC@Uv w |WQ@ pwOt
=@ |y=oW}=tR; |=yV}=tR; R= pY=L |m}t=v}O |=yQDt=Q=B Q}O=kt u}@ Cw=iD p}qO
|}xOQwNvCUO|xvwtvI}yCk}kL QO "CU=yxvwtv|oOQwNCUO '|}=QLY Q}O=kt
VwQ =} w lR=v OL xJ =D xmu}= R= dQ=i 'Q}oxvwtv |xQ=OH Pwiv =Q} R &OQ=Ov OwHw
"OwW|t =HQO Kr=Yt QO |oOQwNCUO x@ QHvt 'OW=@ j}kO OL xJ =D |Q}oxvwtv
VwQ w Q}oxvwtv R= xm OwW|t xDio |}xvwtv x@ xOQwNvCUO |xvwtv 'u}= OwHw =@
sOa [12]"Ovm^iL =Q Kr=Yt|a}@] Q=DN=U u=mt= OL =D xm 'OwW pY=L |Q}oxvwtv
|=yp}rLD w =yV}=tR; QO =yl =N |m}t=v}O X=wN QO |oOQwNCUO Q=F; x@ xHwD
|ak=wQ}e |=yp}rLD QF= QO |OH C=tOY ẁkw?Hwt Ov=wD|t u}tRV@vH|}xRQr

Q=PoQ}F-=DlJwmVvQm |=yxO}OB Q}=U w G=wt= Q=WDv= |xO}OB QO xm l =N R= |Y=wN
|DNU x@ u=wD|t =yu; u} QDsyt R= xm 'OwW|t xDio l =N |m}t=v}O X=wN 'CU=
xv}W}@ |WQ@ pwOt xm 'lJwm |=yVvQm R=QD QO |WQ@ pwOt [1]"OQm xQ=W= |}=Q}t w
|=yC}tm R= |m} w OwW|t xO=O u=Wv G0 =} Gmax CQwYx@ 'OwW|t xO}t=v
Q=tW x@ |y=oCN=U Q=F; |UQQ@ xrtH R= |}xRQr l}vmDw�S |=yp}rLD QO |U=U=
R= [3w2]"CU= xOW RmQtDt u; u}}aD Q@|y=oW}=tR; |=yQ=m R= |O=} RVN@ xm 'OwQ|t
u} QD|OQ@ Q=m x@ =Q u; 'O}OWD uwDU V}=tR; |oO=U '|y=oW}=tR; |=yV}=tR; u=}t
[1]"CU= xOQmp}O@DlJwmVvQm QO =yl =N|m}t=v}O |=yQDt=Q=B |Q}oxR=Ov=p}=Uw

pw�Ut xOvU} wv �
"1398 6 26 VQ}PB '1398 6 16 x}LqY= '1398 3 22 Ci=} QO %M} Q=D

DOI:10.24200/J30.2019.53676.2571



"""|
=yxv

wtv
|m

}t=v}
OQ=

DiQ
QO|

oOQw
NC

UO
QF=QO |oOQwNCUO xmu}= x@ Q_v u}vJty "CU= xOW xar=]t O}OWD uwDU V}=tR;

|=yQDt=Q=B QO xOvvmOwOLtVvD w |oOQwNCUO QF= 'OQ=O |QDtm QF= |UQ |=yl =N
G}=Dv u}@ R}v |}xU}=kt "CU= xOW |UQQ@ Q[=L VywSB QO QwmPt l =N |m}t=v}O
C=ar=]t "CU= xOW s=Hv= ?w]Qt w lWN |=yxvwtv |=Q@ |m}t=v}O |=yQDt=Q=B
|WvD |v=Uty=v |=yC@Uv |=R= x@ 'u=Uty=v w u=Uty Cr=L wO |=Q@ |y=oW}=tR;
lJwm VvQm QO l =N u=tr= QO |r=ta= VvD \}=QW QF= =D 'CU= xOW s=Hv= Cw=iDt
xOW xU}=kt Qo}O u=QoVywSB G}=Dv =@ Q[=L VywSB R= pY=L G}=Dv "OwW |UQQ@
w V=aDQ= |xvt=O p=wR |=yVwQ R= pY=L |}=Q}t C@Uv Q=Okt u}vJty "CU=

"CU= xOW xU}=kt Q[=L VywSB QO u=wD ZQa hYv

|y=oW}=tR; C=ar=]t "2
xar=]t OQwt l =N "1"2

QyW R= xOW |Q=iL |xv=to x@ \w@ Qt Q[=L VywSB QO xO=iDU= OQwt Kr=Yt
u; |Ov@xv=O |vLvt xm 'CU= u=QyD QyW |kQWp=tW |QDtwr}m 17 QO `k=w T}OQB
OLDt |Ov@xk@] sDU}U |=v@t Q@ xar=]t OQwt l =N "OwW|t xOy=Wt 1 pmW QO
u; C=YNWt w xOw@ q=@ |Q}tN Cr=L C}Y=N =@ (SC) Q=OTQ |xU=t ẁv R=

"CU= xOW x�=Q= 1 pwOH QO

V}=tR; |xvwtv CN=U VwQ "2"2
6uOw@ ?QNt Q}e x@ xHwD =@ xm 'CU= xOW xO=iDU= xvwtv 3 R= Q[=L VywSB QO
VvD hrDNt \}=QW CLD 'OOaDt |=yV}=tR; s=Hv= u=mt= 'O}OWD uwDU V}=tR;
|R=UxO=t; |=Q@ [27w23]"OQ=O OwHw xvwtv Qy |=Q@ |v=Uty=v C@Uv w xOvvmOwOLt

"xar=]t OQwt l =N |Ov@xv=O |vLvt "1 pmW
OQwt l =N |wQ l =N l}v=mt |x}rw= |=yV}=tR; R= pY=L C=YNWt "1 pwOH

"xar=]t
LL = 114 |v=wQ OL
PL = 42 |Q}tN OL
PI = 72 |Q}tN XN=W


dmax = 1=49gr=cm3 xv}W}@ lWN XwYNt uRw
!opt = �27 xv}y@ C@ w]Q
GS = 2=54 xS} w |r=oJ

s=Hv= j} Q] R= Kr=Yt |m}t=v}O Q=DiQ CN=vW ?@U u}ty x@ &OwW =yxRQru}tR
|xvwtv Q=DiQ =@ u; |xU}=kt w xOQwNvCUO Kr=Yt |wQ |m}t=v}O |=yV}=tR;
|=yxvwtv |wQ Q@ O}OWD uwDU |=yV}=tR; G}=Dv "CU= |QwQ[ |Qt= 'xOQwNCUO
'xv=OR} Q Kr=Yt =@|m =N |=yOU |xDUy R= xOW PN= |xOQwNvCUO w xOQwNCUO
QO =Q xOW Oa)@|@ |WQ@ pwOt |=Q@ |QDW}@ Q}O=kt w |}=Q}t C@Uv |=Q@ |QDtm Q}O=kt
|=yxvwtv |wQ Q@ O}OWD uwDUV}=tR;G}=Dv [13]"OyO|t x�=Q= xOQwNvCUO |=yxvwtv
|xv}W}@ |WQ@ pwOt xm OyO|t u=Wv 1wyRvr Tr |xOQwNvCUO w xOQwNCUO
C@Uv Q=Okt u}vJty "CU= QDW}@ xOQwNCUO |=yxvwtv R= xOQwNvCUO |=yxvwtv
G}=Dv [14]"CU= xOw@ QDW}@ xOQwNCUO |xvwtv R= xOQwNvCUO |xvwtv |}=Q}t
R}v |vW |xOQwNCUO w xOQwNvCUO |=yxvwtv |wQ Q@ |y=oW}=tR; |=yV}=tR;
xOQwNCUO |=yxvwtv R= xOQwNvCUO |=yxvwtv |WQ@ pwOt Q=Okt xm OyO|t u=Wv
OwHw |O=} R Cw=iD 'xvwtv ẁv wO Qy |=Q@ |}=Q}t C@Uv Q=Okt QO =t= 'CU= QDW}@
w xOQwNvCUO |=yxvwtv |xOW Oa)@|@ |WQ@ pwOt |=y|vLvt u}vJty "OQ=Ov

[16w15]"CU= j@]vt sy Q@ ,=@} QkD 'xOQwNCUO
'=yl =N |m}t=v}O |=yQDt=Q=B QO Q=PoQ}F-=D pt=wa R= |m} u=wvax@ R}v C@ w]Q
|=yVywSB G}=Dv "CU= xDiQo Q=Qk u=QoVywSB R= |O=} R O=OaD |=yV}=tR; ẁ[wt
u; QF= =t= 'OwW|t |WQ@ pwOt Vy=m ?@U C@ w]Q xm CU= u; Qou=}@ xOW s=Hv=

[18w17'14]"OQ=O |Wy=m =} |W}=Ri= |�RH C=Q}}eD '|}=Q}t C@Uv QO
VvD |v=Uty=v 'l =N |m}t=v}O |=yQDt=Q=B QO Q=PoQ}F-=D pt=wa R= Qo}O |m}
|xOwD |=HQO VvD \}=QW Ov=wD|t xvwtv |wQ VvD |v=Uty=v \}=QW p=ta= "CU=
TQ|wQ Q@l} QDmr=wR}B|WtNu=tr= |=yV}=tR;G}=Dv "Ovm x�=Q= w pOt QDy@ =Ql =N
VvDC@UvV}=Ri= =@ u=Um} u}ov=}t QF-wtVvD QO xm OyO|t u=Wv 2w�=m =t |}=} QO
uwDU |=yV}=tR; G}=Dv [19]"O@=}|t V}=Ri= |WQ@ Gwt CaQU Q=Okt '(�1=�3)
OyO|t u=Wv |}xU=t |xOW |R=UR=@ |=yxvwtv |wQ Q@ |rm}U |QwLtxU w O}OWD
|=y|vLvt QO u; QF= |rw 'OwW|t |WQ@ pwOt V}=Ri= Ea=@ 'VvD |v=Uty=v xm
=@ u=Um} u}ov=}t QF-wt VvD QO 'u}= Q@ xwqa "CU= R}J=v xOW Oa)@|@ |WQ@ pwOt
|=y|vLvt u}vJty "CU= xOQm =O}B V}=Ri= |WQ@ pwOt '|v=Uty=v Q=Okt V}=Ri=
OOaDt u=QoVywSB [21w20]"OvQ}PB Q}F-=D VvD |v=Uty=v \UwD |DNU x@ |}=Q}t C@Uv
|=yVwQ\UwD|}xU=t l =N|m}t=v}O |=yQDt=Q=B QO =QVvD|v=Uty=v QF= R}v Qo}O
pwOt V}=Ri= VvD |v=Uty=v xm OvDi=} QO w OvOQm |UQQ@ |y=oW}=tR; hrDNt

[23w22'8]"CW=O Oy=wN p=@vO x@ =Q |WQ@
Gwt Q=WDv= pw] QO l =N \}Lt QO |SQv= ?P=H CQwYx@ |}=Q}t C@Uv
Q}F-=D |r=ta= VvQm K]U R= COW x@ xm 'OwW|t h} QaD l}rm}U |Q=PoQ=@ =}
'l =N |=yV}=tR; |Qw=:vi |xv}tR QO xDiQo CQwY |=yCiQW}B =@ xRwQt= "OQ}PB|t
|=Q@ lJwm |=yVvQm QO |}=Q}t C@Uv R= |rw@k p@=k w j}kO |Q}oxR=Ov= u=mt=
=@ xU=t |WQ@ VvQm Q@=Q@ QO |}=Q}t Q=DiQ G}=Dv [24]"CU= xOW sy=Qi |m =N Kr=Yt
|xvt=O p=wR w 3Q=O}=B Cr=L V=aDQ= VwQ wO Qy =@ O}OWD uwDU V}=tR; R= xO=iDU=
QO =yxO=O QDW}@ |=Q@ QwmPt VwQ wO u}@ G}=Dv hqDN= xm OyO|t u=Wv 4V=aDQ=
|xU}=kt =@ 'Qo}O |WywSB QO [25]"CU= �15 |xR=@ QO '=yxO=O |oOvm =QB Q=Owtv
OW xOy=Wt 5u=wD ZQa hYv w V=aDQ= |xvt=O p=wR VwQ wO R= pY=L |}=Q}t
x�=Q= lJwm VvQm QO =Q |rw@k p@=k x@=Wt |}=Q}t C@Uv Q}O=kt 'Q}N= VwQ wO xm

[26]"OvyO|t
=@ Q=OTQ |xU=t l =N |}=Q}t C@Uv w xv}W}@ |WQ@ pwOt 'Q[=L VywSB QO
|xOQwNCUO w lWN |xOQwNvCUO |=yxvwtv |=Q@ q=@ |Q}tN Cr=L C}Y=N
R= xO=iDU= =@ (�10�2 � �10�4) lJwm |WQ@ VvQm QO ?w]Qt w lWN
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a|
UOv

yt "V}=tR; OQwt |=yxvwtv C=YNWt "2 pwOH
pNrND C@Uv (mm) `=iDQ= (mm) Q]k xvwtv

0 51 179 5 95 1(C:B:) xOQwNvCUO
0 49 179 5 90 2(R:) lWN |xOQwNCUO
0 65 181 93 3(M:R:) ?w]Qt |xOQwNCUO

1:core barrel (C:B) 2:recontituted (R) 3:moist reconstituted (M:R)

"Q[=L VywSB QO xOW s=Hv= O}OWD uwDU |=yV}=tR; |xt=vQ@ "3 pwOH
Kc e �3(KPa) !(�) s}mLD ẁv
1 0 51 150 5 u=Uty
1 0 49 150 5 u=Uty
1 0 65 150 27 u=Uty

1 43 0 51 150 5 u=Uty=v
1 43 0 49 150 5 u=Uty=v
1 43 0 65 150 27 u=Uty=v

1 0 51 300 5 u=Uty
1 0 49 300 5 u=Uty
1 0 65 300 27 u=Uty

1 21 0 51 300 5 u=Uty=v
1 21 0 49 300 5 u=Uty=v
1 21 0 65 300 27 u=Uty=v

1 0 51 500 5 u=Uty
1 0 49 500 5 u=Uty
1 0 65 500 27 u=Uty

1 13 0 51 500 5 u=Uty=v
1 13 0 49 500 5 u=Uty=v
1 13 0 65 500 27 u=Uty=v

1 0 51 700 5 u=Uty
1 0 49 700 5 u=Uty
1 0 65 700 27 u=Uty

1 09 0 51 700 5 u=Uty=v
1 09 0 49 700 5 u=Uty=v
1 09 0 65 700 27 u=Uty=v

'umUt 'x=Q C=k}kLD RmQt CN=UQ} R w l}vmDw�S VN@ l}vmDw�S x=oW}=tR; QO
R= xm 'xOW xQ=W= x=oW}=tR; O}OWD uwDU x=oDUO "CU= xOW s=Hv= |R=UQyW w
x@ QO=k w xOw@ 7lwDU= O=R; � Q=OQ}o ẁv R= 'CU= xOW x}yD u=DUrov= GDS CmQW
QO |}=Q}t C@Uv 'VtN QO O}OWD 'VJ}B QO O}OWD |m}t=v}O |=yV}=tR; s=Hv=
u=Uty=v w u=Uty VvD p=ta= Cr=L wO Qy |=Q@ VtN QO |}=Q}t C@Uv w VJ}B
VywSB QO O}OWD uwDU |=yV}=tR; "CU= QDt|Dv=U 10 w 7 '5 Q]k =@ |=yxvwtv w

"CU= xOW s=Hv= ASTM�D4015 OQ=Ov=DU= =@ j@=]t Q[=L

O}OWD uwDU V}=tR; "5"2
|Q=PoQ=@ sDU}U \UwD |r=NwD =} QB wD |}xv=wDU= |=yxvwtv 'Q[=L V}=tR; QO
'CU= pQDvm p@=k u; |xvt=O w Ot=U@ xm '|WJ}B l} QLD CLD |U}]=vetwQDmr=
xvwtv MU=B xm |v=tR =D |U}]=vetwQDmr= |Q=PoQ=@ sDU}U Ot=U@ "OvQ}o|t Q=Qk

CLD '0 51 pNrND C@Uv =@ w OW xO=O pk}Y xvwtv xD w QU 'xOQwNvCUO |xvwtv
=@ w ?w]Qt V@ wm VwQ x@ R}v xOQwNCUO |=yxvwtv "OW V}=tR; lWN \}=QW
OQ=Ov=DU= sm =QD |=yV}=tR; R= pY=L '|}=QLY \}=QW x@=Wt !opt w 
dmax

\wrNt '?w]Qt V@ wm VwQ x@ =yxvwtv CN=U |=Q@ "Ov=xOW x}yD |y=oW}=tR;
x}q Qy w OvOW xDN} Q Q=Oh=mW |}xv=wDU= ?r=k uwQO x}q 6 QO ?; w l =N
|xvwtv uOw@ lWN x@ xHwD =@ |oOQwNCUO QF= |UQQ@ |=Q@ "OW sm =QDt |@ wNx@
QO &OW V}=tR; TBU w lWN umtQo QO xOQwNCUO |xvwtv =OD@= 'xOQwNvCUO
C@ w]Q u=ty QO 'xOW x}yD |xOQwNCUO |xvwtv 'C@ w]Q QF= |UQQ@ |=Q@ xm |r=L
l} =OD@= 'O}OWD uwDU x=oDUO QO xvwtv Qy uO=O Q=Qk R= TB "OW V}=tR; xv}y@
xOvvmOwOLt VvD CLD TBU w OW xO}Wm =yu; QwO x@ |m}DUq <=We VWwB
|xOvQ=Oxov |x}=B w xvwtv u}@ |Q}oQO O=H}= |=Q@ =yV}=tR; s=tD QO "OvDiQo Q=Qk
p=ta= u}L QO xvwtv =D 'OW xO=iDU= Q=OQ=}W |xLiY R= xvwtv |q=@ lyqm w C@=F
VvQm Q=Okt QO =]N O=H}= ?@U w OW=@ xDW=Ov |WRer |U}]=vetwQDmr= |Q=PoQ=@

"OwWv
sRq QmPD u}= "OyO|t u=Wv =Q V}=tR; OQwt |=yxvwtv C=YNWt '2 pwOH
|=y|oS} w w O=a@= x@ xHwD =@ '=yxvwtv |=Q@ xOW x�=Q= pNrND C@Uv Q}O=kt xm CU=
lWN |=yxvwtv QO xmu}= x@ xHwD =@ w xOW x@U=Lt V}=tR; s=ovy QO =yxvwtv
Q}O=kt &CU= xDi=}Vy=m =yu; O=a@= 'uOWlWNp}rO x@ xOQwNCUO w xOQwNvCUO
|xOQwNCUO |xvwtv Q=Okt =@ lWN |=yxvwtv |=Q@ xOt; CUO x@ pNrND C@Uv

"OQ=O Cw=iD ?w]Qt

=yV}=tR; |xt=vQ@ "3"2
|=yVvD QO VJ}B QO |}=Q}t C@Uv w O}OWD pt=W 'Q[=L VywSB |=yV}=tR;
|xOQwNvCUO |=yxvwtv |=Q@ p=mU=B wr}m 700 w 500 '300 '150 |xOvvmOwOLt
'u=Uty=v w u=Uty s}mLD Cr=L wO QO ?w]Qt w 'lWN |xOQwNCUO 'lWN
"CU= xOW s=Hv= 1 09 w 1 13 '1 21 '1 43 |v=Uty=v |=yC@Uv QO ?}DQD x@

"CU= xOW x�=Q= 3 pwOH QO xOW s=Hv= |=yV}=tR; C=YNWt
%u; QO xm

&C@ w]Q OYQO %!
&xOvvmOwOLt VvD %�3

&pNrND C@Uv %e
&(Kc = �1

�3 ) |v=Uty=v C@Uv %Kc

&xv}W}@ |xOvvmOwOLt VvD %�1
"xv}tm |xOvvmOwOLt VvD %�3

xO=iDU= OQwt O}OWD uwDU x=oDUO "4"2
OwHwt |y=oW}=tR; C=v=mt= R= xO=iDU= =@ Q[=L VywSB QO xOW s=Hv= |=yV}=tR;
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|W}=Ri= |OvwQ V=aDQ= |xvt=O p=wR VwQ QO xm|r=L QO &OQ=O C@=F |Q=Okt 'u=wD
?w]Qt w lWN |xOQwNCUO |=yxvwtv QO CkO =@ "CU= xO=O u=Wv OwN R=

ZQa hYv w V=aDQ= |xvt=O p=wR VwQ wO =@ |}=Q}t C@Uv G}=Dv "18 pmW
"xOQwNvCUO |xvwtv |=Q@ u=wD

ZQa hYv w V=aDQ= |xvt=O p=wR VwQ wO =@ |}=Q}t C@Uv G}=Dv "19 pmW
"lWN |xOQwNCUO |xvwtv |=Q@ u=wD
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yt u=wD ZQa hYv VwQ w xvt=O Vy=m pt=W '|}=Q}t |Q}oxR=Ov= hrDNt |=yVwQ
"CU= xOW |UQQ@

Q=DiQ p}rO x@ '|WQ@ VvQm V}=Ri= =@ xm OyO|t u=Wv Q[=L VywSB G}=Dv
"Ov@=}|t V}=Ri= w Vy=m ?}DQD x@ |}=Q}t C@Uv w |WQ@ pwOt l =N |]NQ}e
QDW}@ lWN |xOQwNCUO |xvwtv R= xOQwNvCUO |xvwtv |WQ@ pwOt Q}O=kt
"CU= xDW=O p=@vO x@ =Q |WQ@ pwOt V}=Ri= 'xOvvmOwOLt VvD V}=Ri= w xOw@
w xOQwNvCUO |=yxvwtv |=Q@ |WQ@ VvQm ?UL Q@ |}=Q}t C@Uv R}J=v C=Q}}eD
'xOvvmOwOLtVvDV}=Ri= "CU= Q[=LVywSB G}=Dv Qo}O R=lWN |xOQwNCUO
|xOQwNCUO w xOQwNvCUO |xvwtv wO Qy |=Q@ =Q |WQ@ pwOt C@Uv V}=Ri=
w xOQwNvCUO |=yxvwtv |WQ@ pwOt C@Uv |=yQ=Owtv w xDW=O p=@vO x@ lWN

"CU= xOw@ j@]vt sy Q@ ,=@} QkD ?w]Qt |xOQwNCUO
|xOQwNCUO |xvwtv |WQ@ pwOt |OYQO 65 Vy=m 'xOt; CUO x@ G}=Dv
u}vJty "OvyO|t u=Wv lWN |xOQwNCUO |xvwtv =@ xU}=kt QO =Q ?w]Qt
|xOQwNCUO |xvwtv QO xOvvmOwOLt VvD V}=Ri= =@ |WQ@ pwOt C@Uv C=Q}}eD
'xOvvmOwOLt VvD V}=Ri= w xOw@ QDW}@ ?w]Qt |xOQwNCUO |xvwtv R= lWN

"CU= xOW ?w]Qt |xOQwNCUO |xvwtv QO |}=Q}t C@Uv V}=Ri= ?@U
xDW=O p=@vO x@ |y=oW}=tR; G}=Dv QO =Q |WQ@ pwOt V}=Ri= 'VvD |v=Uty=v
"CU= xOQm =i}= |WQ@ pwOt V}=Ri= OvwQ QO =Q |QF-wt Vkv |v=Uty=v Q=Okt w
u=Uty |xOvvmOwOLt |=yVvD QO |WQ@ pwOt C@Uv |=yQ=Owtv 'G}=Dv =@ j@=]t
p=ta= Cr=L wO |=Q@ =yxvwtv |}=Q}t C@Uv Q=Okt w j@]vt sy Q@ ,=@} QkD u=Uty=v w

"CU= xOw@ Q@=Q@ sy =@ ,=@} QkD u=Uty=v w u=Uty CQwYx@ xOvvmOwOLt VvD
|=yxvwtv |=Q@ =Q|WQ@ pwOtC@Uv Q=Okt '|Q@ wO wl}DUww |O=yvW}B|vLvt
=t= 'Ovm|t O=yvW}B q=@ CUO |OwOL =D lWN |xOQwNCUO w xOQwNvCUO
j@]vt xOQwNCUO |=yxvwtv |WQ@ pwOt C@Uv |=yQ=Owtv Q@ ,=@} QkD Q}N= |vLvt
lWN |xOQwNCUO 'xOQwNvCUO |=yxvwtv |}=Q}t C@Uv Q=Okt u}vJty "CU=

"OQ=O Ck@=]t ,=@} QkD |Q@ wO w l}DUw w |vLvt =@ ?w]Qt w
hYv w V=aDQ= |xvt=O p=wR VwQ wO R= pY=L |}=Q}tC@Uv Q}O=kt |xU}=kt
CQwYx@ xOvvmOwOLt VvD p=ta= Cr=L QO |UQQ@ OQwt |=yxvwtv QO u=wD ZQa
hYv VwQ R= pY=L |}=Q}t C@Uv Q}O=kt xm OyO|t u=Wv u=Uty=v w u=Uty

"CU= QDW}@ V=aDQ= |xvt=O p=wR VwQ R= u=wD ZQa

QmWD w Q}OkD
|}xSwQB u=wva =@ '|R=UQyW w umUt x=Q C=k}kLD RmQt |r=t ltm =@ 'Q[=L Q=DWwv
uwDU x=oDUO =@ xOW |R=UR=@ |}xU=t l =N |m}t=v}O Q=DiQ |UQQ@� ẁ[wt =@
xm 'CU= xOW s=Hv= 1396 5 10 MQwt 96�39�11089 |xQ=tW =@ �O}OWD

"OwW|t QmWD xOQ@t=v RmQt l}vmDw�S VN@ u=Q=mty |x}rm R= xr}Uw u}O@

ZQa hYv w V=aDQ= |xvt=O p=wR VwQ wO =@ |}=Q}t C@Uv G}=Dv "23 pmW
"u=Uty=v Cr=L QO ?w]Qt |xOQwNCUO |xvwtv |=Q@ u=wD

QO u=wD ZQa hYv VwQ x@ xOW x@U=Lt |}=Q}t C@Uv Q=Okt xm OwW|t xOy=Wt
xm|r=L QO 'CU= xDi=} V}=Ri= Q@=Q@ 3 |r= 2 V=aDQ= |xvt=O p=wR VwQ =@ xU}=kt

"OwW|tv xOy=Wt xOQwNvCUO |xvwtv |=Q@ OvwQ u}=

|Q}oxH}Dv "4
s=Hv= |=Q@ =yl =N |m}t=v}O |=yQDt=Q=B u} QDsyt R= |}=Q}t C@Uv w |WQ@ pwOt
|m}t=v}O |=yQDt=Q=B Q}O=kt u}@ Cw=iD p}qO R= |m} "OvDUy =yxR=U |}xRQr |L=Q]
w |oOQwNCUO p}rO x@ |}=QLY Q}O=kt =@ |y=oW}=tR; |=yV}=tR; R= pY=L
QO |oOQwNCUO Q=F; x@ |yHwD|@ "CU=yxvwtv |}=QLYVvD\}=QW |R=UR=@ sOa
Ov=wD|t u}tR V@vH |}xRQr |=yp}rLD w =yV}=tR; QO =yl =N |m}t=v}O X=wN
Q=DiQ CN=vW '?@U u}ty x@ "OwW |}xRQr MU=B |=yp}rLD QO |DkO|@ ?Hwt
xOQwNvCUO Kr=Yt |wQ |m}t=v}O |=yV}=tR; s=Hv= j} Q] R= Kr=Yt |m}t=v}O
hrDNt |t}mLD VvD \}=QW CLD xOQwNCUO |=yxvwtv Q=DiQ =@ u; |xU}=kt w
|}xU=t |=yxvwtv |m}t=v}O X=wN 'Q[=L VywSB QO Qw_vt u}= x@ "CU= |QwQ[
uwDU |=yV}=tR; s=Hv= =@ lJwm |=yVvQm |xR=@ QO xOQwNCUO w xOQwNvCUO
|=yQDt=Q=B QO C@ w]Q w xOvvmOwOLt VvD QF= w xOW xar=]t VJ}B QO O}OWD
VvD p=ta= Cr=L wO QO =yV}=tR; "CU= xOW |UQQ@ QwmPt l =N |m}t=v}O
\}=QW QF= =D CU= xOW s=Hv= hrDNt |v=Uty=v |=yC@Uv =@ u=Uty=v w u=Uty
R= pY=L |}=Q}t C@Uv Q=Okt u}vJty "OwW |UQQ@ l =N u=tr= QO |r=ta= VvD

=yCWwv=B
1. lanzhou loess
2. macao marine clay

3. steady-state vibration
4. free-vibration decay
5. half-power bandwith
6. nondestructive test
7. stokoe
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8. free vibration decay method (FVD)
9. half power bandwidth method (HPB)
10. Vucetic and Dobry
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